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INTRODUCTION
Due to high terrain, steep slopes and complexly geological structures the severe landslides are regular occurring along this route, destroy roads, cause traffic jams and threaten to the safety of persons and vehicles when in traffic, especially during the rainy season every year. Currently, under climate change, landslide hazard occur on this route increasing both the frequence and scale.
The studying of prevention and mitigation of damage caused by the landslide hazard on this route has been interested by local government in recent years 
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According to the classical approach (limiting equilibrium methods), the slope stability analysis is based on the determining factors of safety corresponding to the physical-mechanical parameters of soil at a specific time and space. As a result, the slope is considered safe only if the calculated the factor of safety clearly exceeds unity, whereas, it is unstable. Do not consider temporal and spatial variability of soil properties, such as bulk density, angle of internal friction, cohesion and pore water pressure as well as geological details missing in the exploration program, testing errors, model uncertainty reflecting the inability of the simulation model, design technique or empirical formula to represent the true physical behavior of the system, such as the calculation of the safety factor of slopes using limit equilibrium methods and many other relevant factors, therefore affecting the accuracy of the safety of factor [1] . The safety of factor determined by the classical method is relative, not quantify the degree of slope stability and not be economical.
To overcome these limitations, using the Monte Carlo simulation to analyze the probability of slope stability is a reasonable choice, the calculated results conform to reality and optimize in the design of the retaining works [1, 2] .
MOTE CARLO METHOD
The probabilistic approach applied to slope stability analysis allows to consider the impact of the variation of the input parameters as well as its affects to the probability of failure of the slope. Monte Carlo simulation consists of the following steps [1, 3, 4] :
Determine the slope geometry and determine the probability distribution function for physicalmechanical parameters of soil.
Search for the critical slip surface and factor of safety using limit equilibrium methods, such as modeling Ordinary, Bishop, Janpu, Spencer, Morgenstern-Price or finite element stress method based on average values of the input parameters. Once the critical slip surface and the uncertainties of soil properties are known (or assumed), the probability and reliability analysis can be performed.
Determine randomly the next set new values for the parameters basis on theirs the assigned probability distribution and determine multiple times safety of factor.
Then the factor of safety for each set can be calculated using any limiting equilibrium method or finite element stress method. Accordingly, the mean, the standard deviation and the associated probability distribution of the factor of safety are determined. Finally, the reliability index and the probability of failure with respect to the factor of safety lower than one can be calculated. 
Uncertain soil parameters
Many researchs are assumed a normal distribution for the parameters of soil properties (Lumb, 1966; Matsuo and Kuroda, 1974; Tobutt, 1982 ; Tan, Donald and Melchers,1993). Choice of parameters does based on level degrees of the variability of parameters and level degrees theirs affects to safety factor. According to Christian (1994) and Lumb (1996) , significant parameters uncertainties of soil properties in slope stability analysis including unit weight (), angle of internal friction () and cohesion (c). Therefore, in this Calcualte the safety factor for each set of the generated soil prameters
Determine the probability distribution of the calculated safaty factors and its parameters
Generate sets of soil properties using Mote Carlo simulation Search for the critical slip surface and its associated factor of safety using limiting equilibrium methods
Calculate the probability of failure and the reliability index Specify the probability distribution for soil properties Specify the slope geometry study the parameter ,  and c were selected for analysis. Each parameter is required statistics to determine the mean value (μ), standard deviation () as well as correlation coefficient (r) between  and c. Most current statistical software utilities are available for calculating the statistics.
Standard deviation
If the number of statistical samples are large enough, the standard deviation () is determined by the formula (1). Whereas, the standard deviation can be determined by the formula (2) or (3) [5] .
Where: xi is the i th value of the parameter x; x is the average value of the parameter x; n is the sum of statistical samples; cov(x) is the coefficient of variation on experience (Table 1) ; xmax, xmin are the largest and smallest values of the parameter x. 1994) , or correlation between strength parameters is negligible (Lamb, 1970 (Lamb, , 1974 .
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Where: xi, yi are the i th values of the parameters x and y; x , y are the average values of the parameters x and y.
Reliability index
Reliability analysis is used to assess uncertainties in engineering variables such as the factor of safety of slope stability. The reliability index () (5) is often used to express the degree of uncertainty in the calculated mean factor of safety (FSmean).
1

FS mean
Reliability index depends on the standard deviation and directly proportional with the probability failure. The smaller the probability failure is the higher reliability index is and vice versa. Reliability index can also be expressed by the following formula [6] :
From (6), it is easy to select design values of FSmean that have the same reliability index. For example, to achieve  of 2, when cov(FS) is 0.2, the computed FSmean must be 1.67, but, when cov(FS) is 0.1, the computed FSmean need be only 1.25. Thus, the reliability index expressed in terms of the coefficient of variation of the factor of safety provides an internally consistent criterion for design.
APPLICATION
Using the Monte Carlo method was integrated in Slope/W of the software Geostudio 2004 to analyze probability failure of four slopes VS26, VS69, VS87 and VS352 along the route, each slope is made up of one of three soil types following: sandy clay, sandy clay mixed with gravel and clayey sand mixed with gravel which is original from eluvi, deluvi and proluvi overlay the slightly weathered granite or the slightly weathered rhyolite. At position of slopes, the groundwater table is very deep or no groundwater [7] . The soil properties in the calculation include uncertain parameters as , c and . 
RESULTS
Case 1:  and r values are determined according to the survey data [7] , the analysis for all four slopes Table 4 . Results of case 1 (Fig. 3-14 (2), basis on the experience of the authors in Table 1: averaged cov of  and c as 0.25; averaged cov of  as 0.05; r as -0.5 (Lumb, 1970; Grivas, 1981 and Wolff, 1985) , applying for the two slopes VS87 and VS352. Case 3: Statistical parameters µ,  are the same in case 2, but r = 0, applying for the two slopes VS87 and VS352. 
CONCLUSIONS
Comparison of the calculated results for the case 1, 2 and 3 can conclude that:
In the case 1, probability of failure of slopes VS26 and VS69 is 100% because the height and angle of the slope are exceeding. Slope VS352 has the lowest probability of failure because the height and angle of slope are small. Slopes composed by clayed sand, sandy clay mixed with gravel will have a low probability of failure and high reliability index as the slope angle less than 43 degrees.
The higher standard deviation of the input parameters is the greater the probability of failure is, although the safety factor does not change (VS87, VS352). Thus there is no direct relationship between safety factor and probability of failure. A slope with a high safety factor is not necessarily stable if the probability of failure is large.
Two parameters angle of internal friction  and cohesion c have a very low correlation or no correlation with each other (case 2, 3). Due to the uncertainty of the input parameters (, c and  will change a lot with moisture, especially during the rainy season), slope stability analysis must include the variation of them (i.e., the standard deviation).
The more parameters is entered the more trial runs of Mote Carlo will be used. However, many research shows that the number of trials is usually in the order of thousands times to ensure accuracy.
In the probabilistic analysis, to obtain the standard deviation with high accuracy only if set of samples is large enough. However, when the sample size is not large enough the formula (1), (2) can be used.
According to the limiting equilibrium methods, the same value of the safety factor often is applied for various slope although probability of stability is different, this issue is no suitable and wasteful. Therefore, the selection of design options, construction works to prevent optimally landslides should consider the factor of safety in relation to the probability failure and reliability index.
Probability theory and reliability analysis is an effective tool in assessing slope stability under the effect of many random factors. 
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